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Plasma volume and extracellular fluid volume were 
determined simultaneously in 17 patients with extensive 
skin disease and 18 matched normal subjects after an 
intravenous bolus injection of 1311-labeled human serum 
albumin and inulin. The patients had a decrease in 
plasma volume (-6%), which, however, was statistically 
significant only when related to body weight or surface 
area. There was a concomitant increase in extracellular 
fluid volume (+7%) ·and interstitial fluid volume (+12%). 
These deviations from control data were statistically 
significant neither in absolute values nor when related 
to body size. Interstitial fluid volume was calculated as 
the difference between extracellular fluid volume and 
plasma volume. The mean plasma volume: interstitial 
fluid volume ratio was significantly lower in the patients 
(0.35 ± 0.05 SD) than in the control group (0.42 ± 0.05 
SD) (p < 0.001). 
These results show that a shift of fluid from the intra-
to the extracellular spaces is present in patients with 
extensive skin disease. Elevated microvascular water 
filtration in the skin is suggested as a major mechanism 
of this abnormal fluid distribution. 
Recently we demo11stra.ted that the plasma volume (PV) is 
slightly reduced on an average 6% in patients with extensive 
skin disease [1-3]. This reduction may be part of a general 
extracellular dehydration or reflect an abnormal distribution of 
fluid between the intravascular and the extravascular spaces. 
The occurrence of edema of the skin in extensive skin disease 
[ 4,5] suggests fluid displacement. 
The objective of the present study was to elucidate the above-
mentioned possibilities by measuring simultaneously PV and 
extracellular 'fluid volume (ECV) with 13 11-labeled human serum 
albumin and inulin, respectively. 
MATERIALS AND METHODS 
Nine male and 8 female patients with extensive skin disease were 
examined. Ten patients had erythroderma. This was due to psoriasis in 
4, eczema in 3, and of unknown origin in 3 patients. One patient had 
pustular psoriasis, and the remaining 6 patients psoriasis vulgaris in an 
acute phase covering at least 75% of the skin surface area. Clinical 
examination, chest x-ray, ECG and routine laboratory values did not 
reveal any other major diseases but that of the skin. Only bland topical 
treatment was applied at the time of the study. 
The patients were studied in the morning after at least 12 hr of 
fas ting and 30 min of rest in the supine position. Weighed amounts of 
about 5 11Ci' 131 1-labeled human serum albumin (Kjeller, Norway) and 
about 40 ml of a 109c inulin solution (Laevosan Gesellschaft, Linz, 
Austria) were injected intravenously into one arm vein at time zero. 
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Abbreviations: 
ECV: extracellul ru· fluid volume 
IFV: interst itial fluid volume 
PV: plasma volume 
TC: total clearance 
Venous blood samples were drawn from the other arm by syringes 
without stasis once before and 14 times during the next 180 min after 
injection at definite intervals [6, 7). The plasma protein concentration 
was measured in all plasma samples by refractometry, and the hema-
tocrit was determined in every hour sample in order to measure changes 
in plasma volume during the investigative period. 
Plasma albumin concentration was measured by immunodiffusion 
[8). 
Plasma volume (PV) was determined as the initial ''" !-albumin 
distribution space calculated by extrapolation of the initial disappear-
ance curve to time zero [9). 
Total clearance !TC) of inu lin was calculated from the inj ected 
amount of inulin and the integral of the plasma concentration curve 
extrapolated to infinity [10). 
Extracellular fluid volume (ECV) was determined as the inulin 
distribution volume calculated from the mean transit time divided by 
the total clearance of inu lin [6). The declining inulin concentrations in 
the plasma samples taken over 180 min were determined by a colori-
metric method and corrected for the glucose extinction [11). 
Interstitial fluid volume (!FV) equals ECV minus PV. 
The results were compared with those obtained in 10 male and 8 
female volun teers by exactly the same technique. The control group 
matched the patients as to height, weight and surface area (172 em ± 
9 SO and 170 em± 8 SO; 69 kg± 11 SO and 78 kg± 17 SO; 1.83 m" 
± 0.18 SO and 1.87 m" ± 0.18 SO respectively) (p > 0.05) but had a 
lower mean age than the patients (44 yr ± 15 SO and 57 yr ± 15 SD 
respectively (p < 0.05). 
Statistics 
Student's /-test for nonpai.red observations and linear correlation bv 
least squares' method were used for statistical evaluation. " 
RESULTS 
PV was on an average 6% lower in the patients than in the 
control group. This difference was statistically significant when 
PV was expressed in ml/ kg or in l/m2 (p < 0.05) (Table). 
The m ean ECV and IFV were slightly increased (7 and 12% 
respectively), but the mean values did not differ significantly 
from the control values neither when expressed as the total 
volume in ml nor when related to height, weight or surface 
area. The mean ratio PV / IFV in the patients (0.35 ± 0.05 SD) 
was significantly lower than the mean ratio of the control 
subjects (0.42 ± 0.05 SD) (p < 0.001) (Table). 
There was no statistical correlation between PV / IFV ratio , 
and the individual plasma albumin concentration (r = 0.26, p 
> 0.1). The plasma albumin concentration was significantly 
lower in the patients (mean 32.3 g/1 ± 4.6 SD) compared to the 
controls (mean 39.3 g/1 ± 2.2 SD) (p < 0.001). The inulin 
clearance (ml/ min) was within the normal value in all patients 
[1 2], and the mean value did not differ from that of the control 
group (109 ml / min ± 24 SD) and 117 ml / min ± 28 SD respec-
tively) (p > 0.1). 
DISCUSSION 
The total volume of extracellular fluid can be calculated by 
measuring the distribution space of various test substances. 
The application of inulin as such a test substance using a single 
shot technique has been described in details by Ladegaard-
P edersen [6]. The individual values of ECV in the control 
subj ects in this study correspond with those of earlier reports 
using the same technique [6,7]. 
The control group was somewhat younger than the patients 
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The mean L·alues of plasma volume (PV) , extracellular fluid volume (ECV), interstitial fluid L'Olume (!FV), and PV I IFV ratio in 17 patients 
u·ith extensive skin disease and 18 normal subjects 
PV ECV !FV PV 
ml ml/ kg ml!cm 1/ m' m.J ml / kg ml/cm 1/ m' ml ml / kg m]/cm l / m 2 IFV 
Mean 2916 37.5 17.1 !.54 11 407 146 66.8 6.01 8439 109 49.8 4.47 0.35 
Pat ients ± SD 487 6.5 2.3 0.17 8630 22 9.4 0.55 1456 17 7.8 0.48 0.05 
Mean 3110 45.0 18.0 1.69 10666 155 61.7 5.82 7556 110 43.8 4.13 0.42 Controls ± SD 525 4.7 2.5 0.18 1823 21 9.2 0.75 1371 18 7.2 0.62 0.05 
p< NS 0.001 NS 0.05 NS NS NS NS NS NS NS NS 0.001 
The volumes are given in ab olute figures (ml) and related to body weight (ml/kg), body h eight (ml/ cm) and body surface area (1 / m.' ). 
studied. The plasma volume is age-dependent due to increasing 
body weight with age [13], which explains the relative greater 
difference in PV between patients and controls, when PV is 
expressed in ml/ kg (Table). As the individual plasma volume is 
re lat ively constant dming adult life [13], the PV of the patients 
should be compared to those of the control subjects when 
related to surface area or even better to height giving a decrease 
of 9 a nd 5% respectively (Table). Our previous finding of a 
slightly decreased PV in patients with extensive skin disease 
having hypoalbuminaemia [1,3] is therefore reconfirmed. 
There was a trend towards an increase of ECV and IFV not 
reaching statistical significance, whereas the mean PV / IFV 
ratio of th e patients differed significantly from that of the 
control group (p < 0.001) (Table). Thus it can be concluded, 
that the lowered PV in patients with extensive skin disease 
reflects a shift of fluid from the intravascular to the extravas-
cular spaces resulting in subclinical or manifest oedema. 
The distribution of fluid between the intra- and extravascular 
compartments depends on the effective colloid osmotic pressme 
gradient, the hydrostatic pressme gradient, the hydrodynamic 
conductivity of the microvascular membrane and the surface 
area available for exchange [14]. 
Previous studies have demonstrated that hypoalbuminaemia 
and increased microvascular leakiness to albumin are regular 
fin dings in patients with extensive skin disease [1-4]. We sug-
gested [1] that the elevated protein extravasation might con-
tribute to the hypoalbuminemia and influence the plasma vol-
ume due to an elevated protein content in the interstitial space. 
Recently , however, we found a normal distribution of albumin 
between the intra- and extravascular spaces in similar patients 
[3]. The overall ratio of interstitial to plasma albumin concen-
tration is therefore slightly decreased. This is also the prelimi-
nary result from a study measuring the interstit ial albumin 
concentration in suction blisters (Worm, in preparation) . Hence, 
we can conclude, that changes in the colloid osmotic pressme 
can not explain the altered fluid distribution. 
There are no availa ble information regarding the capillary 
and the interstitial hydrostatic pressure in extensive skin dis-
ease. It is therefore impossible to decide, whether changes in 
the hydrostatic pressme gradient contribute to the tendency of 
edema formation. 
Altered hydrodynamic conductivity of the capillary wall and/ 
or an increased capillary surface area might explain the altered 
distribution of E CV. These possibilities are discussed in details 
elsewhere in this jomnal [15], in a report about the rate of 
m icrovascular fluid transfer in patients with extensive skin 
disease. This rate was found increased to such an extent, that 
it may be an important contribution to the present finding of 
an abnormal fluid distribution. 
About 95-100% of intravenously injected inulin is excreted 
by the kidneys [6]. A normal TC (Table) indicates, that these 
patients have a normal glomerular filtration rate, which is in 
agreement with other studies [ 4]. From this and om earlier 
find ing of a normal .Bz-microglobulin excretion in similar pa-
tients [16] it can be concluded, that both the glomerular and 
the tubular renal functrion is normal in patients with extensive 
skin disease. 
Oliguria can occm in the acute phase of erythroderma [ 4], 
especially together with edema [1 7]. The underlying responsible 
mechanisms, apparent ly being extrarenal, could be an acute 
t ransitory increase in the extravascular accumulation of fluid 
together with an excessive evaporation of water from the skin 
[ 4,18,19]. Increased loss of water through t he skin might be 
facili tated not only by an impaired epidermal barrier but also 
by an increased interstit ial fluid content. 
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